Cultures of the redmouth (RM) bacterium, one of the etiological agents of redmouth disease in rainbow trout (Salmo gairdneri) and certain other fishes, were characterized by means of their biochemical reactions, by deoxyribonucleic acid (DNA) hybridization, and by determination of guanine-plus-cytosine (G+C) ratios in DNA. The DNA relatedness studies confirmed the fact that the RM bacteria are members of the family Enterobacteriaceae and that they comprise a single species that is not closely related to any other species of Enterobacteriaceae. They are about 30% related to species of both Serratia and Yersinia. A comparison of the biochemical reactions of RM bacteria and serratiae indicated that there are many differences between these organisms and that biochemically the RM bacteria are most closely related to yersiniae. The G+C ratios of RM bacteria were approximated to be between 47.5 and 48.5% These values are similar to those of yersiniae but markedly different from those of serratiae. On the basis of their biochemical reactions and their G+C ratios, the RM bacteria are considered to be a new species of Yersinia, for which the name Yersinia ruckeri is proposed. Strain 2396-61 (= ATCC 29473) is designated the type strain of the species. 0
sues of rainbow trout (Salmo gairdneri) afflicted with redmouth disease. It was concluded that the redmouth (RM) bacteria were members of the family Enterobacteriaceae, but at that time it was not possible to determine with certainty their taxonomic position within the family. In addition, Ross et al. (17) reported the results of serological studies with cultures of the RM bacterium as well as transmission of the disease from infected to normal fish through the medium of water.
Redmouth disease syndrome in rainbow trout has been known for many years (18). The syndrome can be produced by certain aeromonads and pseudomonads, as well as by the bacterium reported on here (17, 18, 20) . The disease is systemic, and its major gross characteristic is inflammation in the areas of the mouth and throat. It is also known as pink mouth and pink or red throat. Clinical and pathological aspects of the disease have been reviewed by others (e.g., see references 18 and 20). The disease is enzootic in some private, state, and federal hatcheries and has become epizootic on occasion. As an epizootic in hatcheries, the disease In 1966, Ross et al. (17) gave a description of a gram-negative, rod-shaped, oxidase-negative, peritrichous, fermentative bacterium that was isolated on numerous occasions from kidney tis-constitutes an important economic problem. An outbreak of redmouth disease, in which the RM bacterium was incriminated, has been reported in Saskatchewan, Canada (20).
The purpose of this paper is to characterize the RM bacterium, to name and classify it properly, and to designate the type strain ofthe species.
MATERIALS AND METHODS
During the last 15 years, cultures of the RM bacterium (17) were isolated, by aseptic technique, from several hundred specimens of kidney tissue of rainbow and steelhead trout or sockeye and Chinook salmon. Most cultures were from rainbow trout. The 33 strains reported upon originated in fishes from hatcheries in Alaska, Arizona, California, Idaho, Ohio, Tennessee, and Washington (Table 1) .
The methods used for determining the biochemical characteristics of the above-mentioned strains were the same as those described elsewhere (11, 12, 17) . Over a period of more than 10 years, the strains were tested several times on all substrates. Incubation was at 35 to 37°C and at 22 to 25OC.
The techniques used in the isolation and purifkation of deoxyribonucleic acid (DNA), in DNA reassociation, and in the separation of single-and doublestranded DNA on hydroxyapatite have been described in detail (5, 8, 9) . The guanihe-plus-cytosine (G+C) percentages were approximated by carefully denaturing double-stranded DNA in a spectrophotometer at a wavelength of 260 nm. Sealed water bath that pumped water through heating coils within the cuvette holder.
RESULTS
The results of examination of the biochemical reactions given by cultures of the RM bacterium are given in detail in Table 2 and are summarized in Table 3 . The data presented in the tables are largely self-explanatory and require little comment; they differ little from those reported earlier ( 17).
The RM bacterium grew better at 22 to 25°C than at 35 to 37°C ( Table 2 ). In fact, growth may not occur on simple media when such media are incubated at the higher temperature. It may be noted that the biochemical reactions of the 33 strains were quite uniform despite the fact that the strains originated in several geographi-cal locations, Detectable gas was formed infrequently from fermentable substrates (Tables 2  and 3) . Most isolates yielded negative Voges-Proskauer tests, but 24% gave weakly positive reactions, most of which were delayed (4 days) when the cultures were incubated at 22 to 25°C (Tables 2 and 3). Some strains fermented lactose slowly (14 days). However, all gave positive tests for beta-galactosidase activity within 1 h with cultures inpbated at 22 to 25"C, whereas strains incubated at 35 to 37°C were negative at 1 h but became positive upon continued incubation (18 to 24 h). A majority of isolates were lipolytic (at 22 to 25OC), but none was pectolytic or oxidase positive. All of the strains utilized glucose fermentatively (Hugh and Leifson medium), and all except two reduced nitrate to nitrite.
DNA from RM strain 4535-69 was labeled with 32P04, sheared, denatured, and reacted with similarly prepared unlabeled DNA from other RM bacteria and representatives of Enterobacteriaceae ( Table 4) . DNAs from RM bacteria were 95% related, and the related sequences contained almost no unpaired bases (0.1 to 0.2% divergence [D]). The RM bacterium was 9% related to Proteus mira bilis and Edwardsiella turdu and 15 to 31% related to other species of Entero bctcteriaceae. The related sequences showed 13 to 18% D. Of the species tested, Serratia marcescens, S. liquefaciens, and "Citrobacter-like" (19) microorganisms were the closest relatives of RM bacteria. DNA relatedness results reported elsewhere show that "Citrobacter-like" organisms are 50% related to species of Serrutia and are, in all probability, members of the genus Serratia (19) .
Subsequent experiments with labeled DNA from species of Serratia and Yersinia (Table  5 ) showed that RM bacteria were 24 to 30% related to species of Serratia (16.5 to 17% D) and 30% related to two species of Yersinia (15% D). Only closely related sequences can reassociate at 75OC. A t this temperature, relatedness of RM bacteria to serratiae and yersiniae decreased by three-to fourfold.
G+C determinations were done spectrophotometrically ( Fig. 1) . The G+C contents of the RM bacteria were approximately 47.5 to 48.576, quite close to the values established for species of Yersinia ( 16) .
DISCUSSION

Ross et al. (i7) considered the RM bacteria
to be members of the family Enterobacteriuceae but were unable to assign them to any of the genera or species then contained in that family. They pointed out that in some respects the Hydrogen sulfide 33  33  33  33  33  33  33  33  33  33  0  25  0  33  8  0  33   1  33  5  33  33  33  0  33  33  0 Representative strains of the RM bacterium were sent to Rudolph Hugh, Department of Microbiology, George Washington University, Washington, D.C., who made flagella stains (Leifson method) and reported that the bacteria were peritrichous (17). This observation was confirmed by electron photomicrography (see Comparison of the biochemical reactions of RM bacteria with those given by members of other genera of Enterobacteriaceae (1 1) indicates that the RM bacteria are more closely related to Serratia (13, 14) and Yersinia (1, 10) than to any other members of the family. However, close examination shows that there are many more biochemical differences between RM bacteria and members of the three species of Serratia than there are between the RM bacteria and members of the three species of Yersinia ( Table 6) . Examination of the aggregate biochemical reactions given by RM bacteria (Tables 2 and 3 ) and data reported for Yersinia pestis, Y. pseudotuberculosis, and Y. enterocolitica (1, 10) reveals many similarities, which are apparent in Table 6 . Although the RM bac- x 100 % D, Percent divergence, calculated on the assumption that a 1-C degree decrease in thermal stability of a DNA duplex is caused by each 1% of unpaired bases within that duplex (3). For example, consider organisms A and B that are 50% related. An A-A duplex has a mean thermal stability of 9O"C, and an A-B duplex has a mean thermal stability of 80°C. The D in related DNA is 10%. Reactions were done two to four times. DNA reassociation in the homologous RM reaction averaged 83%. DNA reassociation in the homologous RM reaction averaged 83%. DNA reassociation in control reactions that contained labeled DNA in the absence of unlabeled DNA were 2% or less. teria biochemically are most closely related to yersiniae, they are easily differentiable from all three established species of Yersinia (Table 6) and should be recognized as a new species within that genus.
DNAs from strains of a given species are usually at least 70% related (4, 6) . The four RM strains certainly belong to the Same species on the basis of DNA relatedness. Except for most protei, species of Enterobacteriaceae share a "core" DNA relatedness of 15 to 20%. RM bacteria exhibit this level of core relatedness. They are not closely related to any species of Enterobacteriaceae but show about 30% relatedness to species of Serratia and Yersinia. Thus, from DNA data, one can argue that RM bacteria can be put in either of these genera.
The G+C ratios in Enterobucteriaceae are from 37% in some protei to almost 60% in strains of Serratia and Klebsiella. Definitive classification based on G+C rarely is possible. Similar G+C ratios cannot be equated with species similarity (humans, Bacillus subtilis, and Proteus rettgeri have similar G+C ratios), but organisms with markedly different G+C ratios cannot belong to the same species. The G+C ratios of serratiae (58%) and yersiniae (46 to 48%) are significantly different. The G+C ratios in four RM bacteria were approximated to be between 47. 5 and 48.5%. These results indicate that RM bacteria do not belong to the genus Serrutia and are consistent with those for the genus Yersinia.
The name Yersinia ruckeri is proposed for the RM bacterium (rucker.i. M. L. gen. n. ruckeri of Rucker, named in honor of Robert R. Rucker , who spent many years studying redmouth disease and its etiological agents). Strain 2396-61 ( The results given for Y. ruckeri (from Table 2 ), Y. pseudotuberculosis, and Y. enterocolitica (references 1 and 10) were obtained at 22 to 25"C, whereas those given for the species of Serratia (11, 13, 14) and for Y. pestis (1, lo) , were for cultures incubated at 35 to 37°C. S. liquefaciens is known to be more reactive at 22 to 25°C than at 35 to 37°C (11, 13, 14) , but reactions given by S. marcescens, S. rubidaea, and Y. pestis are not known to be affected significantly by incubation at temperatures between 22 and 37°C. Therefore, it is believed that the data given for the various bacteria listed in Table 5 can be compared.
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Percent positive within 1 or 2 days. Percent positive in 3 or more days. The majority (67 to 83%) of cultures isolated in the United States have been indole positive (2,7,10).
' ND, Not determined.
(Method of Kauffmann and Petersen.
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